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In previous communications (1)  there has been reported a  hetero- 
logous antibody auxiliary to neutralization of meningococcus reacting 
factors.  When this antibody was mixed with an antimeningococcus 
horse serum which by itself was capable only of irregular neutraliza- 
tion,  the mixture acquired the power of complete neutralization of 
a large number of toxic units. 
It seemed of interest to determine whether blood sera also contained 
factors having the opposite effect; that is to say, capable of reactivat- 
ing completely neutralized toxic filtrates.  Investigation of this point 
forms the basis of the following report. 
Reactivation of Completely Neutralized Meningococcus Reacting Factors 
in  Vivo 
Rabbits were injected intradermally with 0.25  cc. of undiluted  meningococcus 
preparation.  The  material  tested  for  the  reactivating  property  was  injected 
intravenously 23½ hours later.  This was followed by the intravenous injection of 
the  completely  neutralized  meningococcus  preparation  ½ hour  later.  In  one 
experiment the first intravenous injection was made  ½ hour and  the second 23½ 
hours after  the skin injection.  The meningococcus preparations  were meningo- 
coccus Group III (Strain 44 B)  "agar washings" Filtrates  1741 and 1746.  The 
completely neutralized  mixtures  consisted of one part  of the filtrate  containing 
in each 1 cc. the necessary number of toxic units, 0.9 part  of antimeningococcus 
horse Serum 251 and 0.1 part of auxiliary antibody (i.e., anti-coli horse Serum 230). 
The mixture was incubated at 37°C. for I hour and injected intravenously in a dose 
of 2 cc., per kilo of body weight, into prepared rabbits.  The results are summar- 
ized in Table I. 
As seen from Table I, rabbits injected intravenously with normal 
rabbit serum showed reactions with completely neutralized meningo- 
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TABLE  I 
Reactivating  Property  of Blood  Sera 
Material and dose of 1st 
intravenous injection per kilo 
of body weight 
120  units  No.  1741"  -b 
0.9  cc.  No.  251t  W 
0.1  cc.  No. 230t 
2  cc.  0.85%  NaC1 solu- 
tion 
1 cc. rabbit Serum I 
1  "  "  "  I 
2  "  mixture  1  cc.  rab- 
bit  Serum I  -F  1  cc. 
horse serum 
1 cc. rabbit Serum I 
1  "  "  "  I 
1  "  "  "  I 
1  "  "  "  I 
1  "  "  "  I 
1  "  "  "  I 
1  "  "  "  I 
1 cc. rabbit  Serum I  di- 
luted 1 : 10 
1 cc. rabbit  Serum I  di- 
luted 1:50 
1 cc. rabbit  Serum I  di- 
luted 1 : 100 
1  cc.  rabbit  Serum  I 
½ unit No. 1746* 
1 cc. rabbit  Serum I 
Material and dose of 2nd 
intravenous injection  per kilo 
of body weight 
100  units  No. 1741" +  0.9 
cc.No. 251t +0.1  cc. No. 
230t 
1 cc. rabbit  Serum I 
1 cc. human serum 
2  "  mixture  of  1  cc.  No. 
251t  q- 1 cc. No. 230t 
100 units No. 1741" q- 0.9 cc, 
No. 251 t  +  0.1 cc. No. 2301 
80 units No, 1741" q- 0.9 cc, 
No. 251t -t- 0.1 cc. No. 230] 
50 units No, 1741" q- 0.9 cc, 
No. 251t -1- 0.1 cc. No. 230~ 
25 units No. 1741" q- 0.9 cc 
No. 251t -1- 0.1 cc. No. 230] 
10 units No, 1741" q- 0.9 cc, 
No. 251t -t- 0.1 cc. No. 230] 
90 units No. 1741" q- 0.9 cc, 
No. 251t -F 0.1 cc. No. 230] 
1 cc. rabbit Serum I 
½ unit No.  1746* 
Results 
•  Z 
3  0 
3  0 
3  0 
3  0 
3  0 
3  0 
3  0 
0  3 
1  2 
1  2 
2  1 
30 
1  2 
2  1 
3  0 
0 
0 
* Filtrate. 
t Horse  serum. GREGORY  SHWARTZMAN  679 
coccus  reacting  factors.  Rabbits  injected  with  0.85  per  cent  NaC1 
solution  showed  no  reactions  with  the  neutralized  mixtures.  More- 
over, the rabbit serum by itself injected twice within the same interval 
of time between the injections,  displayed no reacting potency.  Inas- 
much as it was previously observed (2) that antigen-antibody interac- 
tion  of  heterologous  blood  sera  in vivo brought  about  formation  of 
reacting  factors,  rabbits  were  each  separately  injected  with  rabbit 
and  normal human  serum,  rabbit and  normal horse serum and with 
rabbit and immune horse sera (Nos. 251 and 230),  respectively.  The 
injections of completely neutralized reacting factors into these rabbits 
elicited  no reactions. 
The treatment of rabbits with  the  rabbit  serum did not  raise their 
susceptibility to the toxic filtrates alone. 
From the above experiments it was concluded that the preliminary 
intravenous  injection  of  the  rabbit  serum  induced  reactivation  of 
completely neutralized  meningococcus  reacting  factors.  The  reacti- 
vating  property  of  the  serum  was  titrated  in  a  twofold  manner: 
1.  Prepared rabbits were injected intravenously with the same amount of the 
rabbit serum (i.e., 1 cc. of undiluted rabbit serum, per kilo of body weight) and 
divided into a  number of groups of three.  ½ hour later rabbits of each group 
received a single intravenous injection of a mixture of a varying number of toxic 
units  mixed with  a  constant  amount of immune serum.  In these  experiments 
untreated rabbits showed no reactions with 120 neutralized reacting units, whilst 
the treated ones gave reactions with 25 and no reactions with 10 neutralized react- 
ing units.  Thus, the smallest amount of neutralized reacting factors showing no 
reactions in treated rabbits was approximately 17 units.  There was obtained, 
therefore, reactivation of six-sevenths of the neutralized reacting factors. 
2.  Rabbits were also treated intravenously with various amounts of the rabbit 
serum and tested with a constant amount of neutralized reacting factors.  In this 
manner, a dose as small as 1 cc. of dilution 1:50 of the serum was shown to possess 
the reactivating property. 
In one experiment the reactivating effect of the serum persisted for 23½ hours. 
Longer periods of time were not studied. 
Reactivation of Completely Neutralized  Meningococcus Reacting Factors 
in  Vitro 
In the following experiments it was attempted to determine whether 
the rabbit serum added to the neutralized factors in vitro would display 
the  above described  reactivating  property. 680  LOCAL SKIN REACTMTY 
100 meningococcus reacting units completely neutralized as above (page 679) 
were mixed with rabbit Serum I undiluted and diluted 1 : 10 and 1:50, respectively. 
Each mixture was tested in a group of three rabbits.  The rabbit serum undiluted 
and diluted 1 : 10 reactivated the neutralized mixture, inasmuch as all the rabbits 
tested showed reactions.  The dilution 1:50 had no effect, since no reactions were 
obtained in the group. 
Reactivating Property of Sera of Various Animal Species 
It  was  further of interest  to  determine  the  frequency with which 
the  reactivating  property  occurs  in  sera  of various animal  species. 
The  sera  were  tested  either by the in vitro or  the in vivo methods 
described above.  The results are summarized in Table II. 
TABLE  II 
Testing  of Various  Sera for Reactivating  Property 
Animal species 
t~an  ................ 
Horse  ............... 
Rabbit .............. 
Guinea pig .......... 
Tests in vivo 
Serum dilution 
Undiluted 
Tota  No. of 
No, c  positive 
sers  sera 
2  1 
1  1 
30  21 
4  3 
N~  of 
neg  ire 
st  L 
~erunl 
dilu- 
tion 
1:3 
1:3 
1:10 
1:5 
Tests in vltro 
Tota  Nc 
No. c 
sera  pos 
teste  se 
45  2 
2 
9 
1 
~f 
ve 
No. of 
negative 
$era 
21 
1 
2 
0 
As is seen from Table II,  the reactivating property described was 
found in  sera  of man,  horse,  rabbit  and  guinea  pig.  About  72  per 
cent of rabbit  and  53  per cent of human  sera showed this property. 
The  number  of  horse  and  guinea  pig  sera  tested  was  too  small  to 
allow any statistical conclusions. 
Effect of Reactivating Sera upon Completely Neutralized B. coli Reacting 
Factors 
The work reported thus far has dealt with the reactivation of neu- 
tralized  reacting  factors  of  the  meningococcus.  The  experiments 
summarized in Table III were done in order to determine whether the 
property  described  was  also  effective  against  neutralized  reacting 
factors of other bacterial species. 
As seen from Table III, the reactivating property appears to be non- GREGORY  SHWARTZM.AN  681 
specific,  inasmuch  as  the  same  serum  was  capable  of  reactivating 
neutralized reacting factors of unrelated  microorganisms (i.e., menin- 
gococcus  and  B.  coli).  Further  experiments  in  order  to  ascertain 
this point are under progress. 
TABLE  III 
Reactivation  of Neutralized B.  coli  Toxic Filtrates 
Ingredients  of mixture injected intravenously  24 hrs. 
after skin injection  Skin-preparatory 
injection 
Toxic filtrate  Immune serum  Reactivating  serum 
0.25  cc.  B.  coli 
Filtrate 1768 
20 units B. coli 
Filtrate 1768 
5  units  B.  coli 
Filtrate 1768 
10 units B. coli 
Filtrate 1768 
75  units  men- 
ingococcus 
Filtrate 1746 
0.25 cc. meningo- 
coccus  Filtrate 
1746 
0.25 cc. diluted 1:3 
anti-coli  horse 
Serum 230 
0.25  cc.  diluted 
1:2  anti-coli 
horse  Serum 
230 
0.9 cc. antimenin- 
gococcus Serum 
251  +  0.1  cc. 
anti-coli  Serum 
230 
None 
Rabbit  Serum 
716  1  cc.  di- 
luted 1:3 
tC  tg 
i.:  0/3 
2:  2/1 
2.:  3/0 
2.:  2/1 
2  3/1 
* The numerator indicates the number of positive rabbits.  The denominator 
indicates the number of negative rabbits.  The sum of both is the total number of 
rabbits used. 
Deterioration of Reactivating Sera 
It has been noticed in the course of the work that the reactivating 
property may disappear on storage. 
Thus, one guinea pig serum obtained on Mar. 25, 1932, showed a high reacti- 
vating potency in dilution 1:5 by the in vitro  method.  On Mar. 31, 1932, the same 
serum was inactive in dilution 1:5.  Lower dilutions were not tested.  Also, rab- 
bit Serum 634 possessed reactivating property in dilution 1 : 15 on  Mar.  28,  1932. 
Dilution 1 : 10 of the same serum had no reactivating potency on Apr. 4, 1932, 682  LOCAL  SKIN P,_EACTIVITY 
The observations suggested studies on the relation of the reactivat- 
ing property to the complement, and also on their heat resistance. 
The Relation  between Reactivating Property  and Complement 
Rabbit Sera 654, 634 and 749 and guinea pig Sera 1, 2, 3 and 4 were employed. 
All the sera were obtained within 20 hours prior to the tests and kept in the re- 
frigerator until used. 
The reactivating property was  determined by in vitro addition (page 679) of 
undiluted  sera  to  100 neutralized meningococcus  reacting units.  All the sera 
tested were found to contain reactivating factors. 
The complement titrations of the same sera were done simultaneously  with the 
above tests.  Amounts of each serum tested were 0.01, 0.05, 0.01 and 0.2 cc.  These 
amounts were each mixed with 2 units of sheep red blood cell amboceptor (i.e. 
0.1 cc. of 1:50 dilution) and 0.5 cc. of 5 per cent suspension of sheep red blood 
cells.  The mixtures were incubated in a water bath at 37°C. for 30 minutes.  All 
the guinea  pig sera contained active complement, whilst  the rabbit sera had no 
complement. 
The  experiments  demonstrated  that  there  was  no  apparent  rela- 
tionship between complement and the reactivating property of sera. 
Heat Resistance of Reactivating Factors 
The results of the experiments are summarized in Table IV. 
As  seen from Table IV, the reactivating factors are heat-labile, the 
exposure to 56°C.  for 5 minutes,  50°C.  for 25 minutes and 37°C.  for 
4 hours being sufficient to destroy them. 
Taking  advantage  of  the  above  observations  it  was  planned  to 
determine whether immune sera contained native reactivating prop- 
erty, and if so,  whether heating to a  temperature destructive to the 
reactivating  property but  ineffective against  neutralizing  antibodies 
would raise the neutralizing potency of these sera. 
Increase in Neutralizing  Titer after Destruction of Reactivating Property 
Various  immune  sera,  unheated  and  heated  in  the  water bath  at 
37°C. for 4 hours were titrated for neutralizing antibodies in the usual 
manner  (3).  The  antimeningococcus  sera  were  tested  with  and 
without the auxiliary antibody.  The results are recorded in Table V. 
As seen from Table V, heating of immune sera at  37°C. for 4 hours 
substantially raised their neutralizing titers.  Thus,  the heated anti- GREGORY  SHWARTZMAN  683 
TABLE  IV 
Heat  Resistance  of Reactivating  Factors 
Undiluted serum* 
Rabbit  Serum 718 ........................ 
"  "  718 ........................ 
Horse  "  7/551 ...................... 
Rabbit  "  634 ........................ 
"  "  714 ........................ 
"  "  634 ........................ 
"  "  525 ........................ 
"  "  563 ....................... 
Temperature 
°c. 
Water bath, 37°C. 
,,  ,,  37  ° ,, 
,,  ,,  37o ,, 
,,  ,,  50  ° ,, 
,,  ,,  50  ° ,, 
,,  ,,  56  ° ,, 
,,  ,,  56  ° ,, 
,,  ,,  56  ° ,, 
Time of 
exposur_____~e __ 
15 
25 
5 
20 
20 
Results 
+ 
+ 
m 
+ 
+ 
+ 
+ 
--  =  no effect upon  the reactivating  property. 
+  =  reactivating  property  destroyed. 
* The sera were tested for reactivating  property  on the days of these experiments. 
TABLE  V 
Increase of Neutralizing  :liter of Sera after Destruction  of Reactivating Property 
Serum 
Antimeningococcus  horse 
Serum 7/540 
Antimeningococcus  horse 
Serum 7/561 
Antityphoid  horse  Serum 
57/560 
cg  ~ 
Temperature exposure 
prior to titration 
None 
Water bath, 37°C. 
4  hrs. 
None 
Water bath, 37°C. 
4  hrs. 
None 
Water bath, 37°C. 
4  hrs. 
Reac  - 
vati] 
)rope  y 
+ 
+ 
CN titer 
without auxiliary 
antibody 
<30 units in 
1 cc. 
50  units  in 
1 cc. 
Not tested 
80 units 
375  units  in 
0.25 cc. 
600  units  in 
0.25 cc. 
CN titer 
with auxiliary 
antibody 
20  units 
1 cc. 
Not tested 
20  units 
1 cc. 
Not tested 
in 
CN  =  the  largest  number  of  reacting  units  completely  neutralized  by  the 
amount  of serum  indicated. 
typhoid horse serum showed a 60 per cent increase in the titer.  More- 
over, the treatment enabled the antimeningococcus horse Sera 7/540 
and 7/551  to neutralize completely 50 and 80 units of meningococcus 
reacting factors, respectively.  In contrast, only irregular neutraliza- 684  LOCAL  SKIN  REACTIVITY 
tion was obtained with the same unheated sera without the aid of the 
auxiliary  antibody  and  only  20  units  were  completely  neutralized 
even with the aid of the auxiliary antibody. 
Incidentally, in the course of some work on antibody absorptions, 
Dr. H. Klein tested in this laboratory for control purposes the neutral- 
izing potency of immune antityphoid serum diluted 1 : 10 after it was 
incubated for several hours in a water bath at 37°C.  There was ob- 
tained by him a striking increase in the neutralizing titer. 
As also seen from Table V, the immune sera contained native reacti- 
vating  property.  The  heating  at  37°C.  which  brought  about  the 
increase in the neutralizing potency was coincident with destruction 
of the reactivating property. 
It appears, therefore, that the native reactivating property of  im- 
mune sera interferes with their neutralizing potency. 
DISCUSSION AND  CONCLUSIONS 
In a  series of publications  (1,  3)  observations have been  reported 
concerning serum neutralization of reacting factors of the phenomenon 
of local skin reactivity to bacterial filtrates.  When various amounts 
of a  toxic filtrate are titrated against a  constant amount of immune 
serum it is possible to determine the largest amount of filtrate which 
is completely neutralized (i.e.  in all rabbits tested) by this amount of 
serum and,  thus,  to express quantitatively the neutralizing potency 
of the  serum  (CN  titer).  If the titration  is  continued beyond the 
CN titer (i.e. in greater quantity of toxin) there is usually observed a 
rather protracted zone of irregular neutralization (IN titer)  in which 
the percentage of positive rabbits  is  considerably lower than in the 
control group.  If still larger amounts of toxic filtrate are titrated one 
arrives  at  a  point  when  the  addition of  serum produces no  effect. 
The  CN  titer of B.  typhosus  and B.  coli toxins is  well demarcated. 
There is consistently obtained complete neutralization of these filtrates 
in multiple proportions.  The antimeningococcus sera behave differ- 
ently.  The CN titer of these sera is either nil or very low, whilst the 
IN titer may be high.  Moreover, there is no proportionate increase 
in the neutralizing potency when multiples of the CN titer are used. 
In vitro  addition of the auxiliary antibody (certain heterologous im- 
mune sera)  to the  antimeningococcus sera corrects this irregularity, GREGORY  SHWARTZMAN  685 
inasmuch as the mixture acquires the power of complete neutralization 
of meningococcus reacting factors in multiple proportions. 
The effect of certain blood sera described in this paper consists in 
the restoration of toxicity of completely neutralized bacterial filtrates; 
i.e.,  an effect diametrically opposed to the auxiliary antibody.  The 
sera do not increase the toxicity (i.e. reacting potency) of the filtrates 
themselves.  For these reasons, the property or factors can be termed 
reactivating. 
The reactivating factors have no apparent relationship to the com- 
plement content.  They are heat-labile,  deteriorate on storage  and 
can be accurately measured by the in vitro  and in  vivo  methods de- 
scribed in  the text.  The native reactivating factors present in the 
immune sera can be destroyed at a  temperature (i.e.  at 37°C. for 4 
hours) which has no destructive effect upon the neutralizing antibodies. 
The destruction of the factors is, then, coincidental with a considerable 
increase of the neutralizing potency of immune sera.  The therapeutic 
effect of sera treated in this manner remains to be determined. 
Moreover, the heated antimeningococcus immune sera are capable 
of complete neutralization of meningococcus reacting factors without 
the aid of the auxiliary antibody.  This simplifies the determinations 
of the neutralizing potency and allows its  expression in terms of the 
CN titer which is well demarcated. 
The immunological significance of the reactivating factors warrants 
consideration, inasmuch as  they  appear  to  be  non-specific, widely 
distributed among various species of animals (i.e.  man, horse, rabbit 
and guinea pig) and are capable of displaying the effect in vivo.  It is 
conceivable that  they  may play  an  important  antagonistic r61e if 
present in  therapeutic immune sera;  i.e.,  interfering  both with the 
effect of passively acquired antibodies and  also,  possibly, restoring 
toxicity to toxic substances neutralized by actively acquired antibodies. 
The possible reactivating effect of normal human blood sera  (i.e. 
about 53 per cent of sera tested) should be guarded against in perform- 
ing blood transfusions in cases of infectious diseases. 
Studies on  the  interrelationships between the  auxiliary  antibody 
and the reactivating property and also on the effect of the latter upon 
various antibodies reported are under progress. 686  LOCAL SKIN REACTIVITY 
SUMMARY 
In  this  paper  there  are  reported  observations on  a  certain  new 
reactivating property of normal and immune blood sera of various 
animal species.  The effect of the reactivating sera consists in restora- 
tion  of  the  toxicity  in  vivo  and  in  vitro  of  completely neutralized 
meningococcus and B. coli reacting factors. 
The  property  is  apparently  non-specific,  heat-labile,  lessens  on 
storage, and has no relationship to complement. 
Heating of immune sera to a temperature destructive for the reacti- 
vating property but innocuous to the neutralizing antibodies, raises 
considerably their neutralizing potency. 
The possible immunologicM significance of the reactivating property 
is discussed in this paper. 
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